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(54) BATTERY SEPARATOR AND PREPARATION METHOD THEREFOR, AND BATTERY

(57) The present application provides a battery se-
parator and a preparation method therefor, and a battery.
The battery separator provided by the present application
comprises a base film and a coating coated on one or
both sides of the base film, wherein the coating com-
prises: fluorine-free polymer resin particles and ceramic
particles; wherein the fluorine-free polymer resin parti-
cles have a primary particle morphology or a secondary
agglomerate morphology, and the fluorine-free polymer
resin particles in spherical form are dispersed within the
ceramic particles, and a coating surface density ρ0, a
coating thickness h0, an average radius r of fluorine-free
polymer resin particles, a volume Vi occupied by fluorine-
free polymer resin particles in the coating, a numberN0 of
fluorine-free polymer resin particles, a density ρ of fluor-
ine-free polymer resin, and a coating density pi of pure

ceramic coating satisfy the following relationship. The
battery separator provided by the present application has
a coating with good bonding property, high consistency,
high stability, and good heat resistance.
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Description

TECHNICAL FIELD

[0001] The present application relates to the field of batteries and, more particularly, to a battery separator and
preparation method therefor, and a battery comprising the battery separator.

BACKGROUND

[0002] With the development of lithium-ion battery technology, there are more and more requirements for the separator.
Therefore, the development of the separator is no longer limited to the base film, and the functionality of the coating has
been paid more and more attention. For instance, coating modification requires bonding property, heat resistance,
electrolyte affinity, and the like of the coating, which provides a technical route for the development of the separator.
[0003] The prior art is mostly through the selection of PVDF as the bonding layer, in which PVDF itself, a material with
certain bonding property, can be used as a binder for the positive electrode in the battery. According to the current market
development, spray coating is mostly carried out to attach PVDF to the surface of ceramic separator to achieve the bonding
function.
[0004] However, because of the high melting point of PVDF (≥ 135°C), the conditions for achieving its bonding property
will be more strict, requiring higher temperature and pressure to achieve the adhesion of the separator and the electrode
sheets. In addition, since molding particle size of PVDF per se is small, only through agglomeration to form a certain size of
agglomerates, a significant bonding effect can be achieved. Because the agglomerates are formed at a later stage, and it is
impossible to control the particle size of the agglomerates, the size and morphology of the agglomerates are very different.
Therefore, the consistency and stability of the PVDF are very weak, which means that, when PVDF is selected as the
bonding layer, the structure is not stable, and is prone to powder falling off, which affects the bonding effect. Moreover, it is
difficult to ensure the consistency of the coating, and both the stack density and the morphology of the agglomerates on the
coating have obvious differences, making it difficult to control the fraction of coverage, so that the coating cannot be
controlled in both micro and macro levels.

SUMMARY

[0005] In view of the above problems, the present application, by using ceramic particles and fluorine-free polymer resin
particles for mixing and blending, comprehensively considering and adjusting the coating surface density, ceramic particle
size, fluorine-free polymer resin particle size, ceramic thickness and other factors, ultimately provides a coating with good
bonding property, high consistency, high stability, and good heat-resistant.
[0006] Specifically, the present application provides a battery separator having a coating with good bonding property,
high consistency, good stability, and good heat resistance, a preparation method therefor, and a battery including the
battery separator.
[0007] The present application provides a battery separator comprising a base film and a coating coated on one or both
sides of the base film, wherein

the coating contains: fluorine-free polymer resin particles and ceramic particles;

wherein the fluorine-free polymer resin particles have a primary particle morphology or a secondary agglomerate
morphology, and the fluorine-free polymer resin particles are in spherical form and dispersed within the ceramic
particles,

a coating surface density ρ0, a coating thickness h0, an average radius r of fluorine-free polymer resin particles, a
volume Vi occupied by fluorine-free polymer resin particles in the coating, a numberN0 of fluorine-free polymer resin
particles, a density ρ of fluorine-free polymer resin, and a coating density ρ1 of pure ceramic coating satisfy the
following relationship:
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[0008] The present application also provides a preparation method for the battery separator, for achieving the
preparation of the battery separator provided by the present application. However, achieving the battery separator
provided by the present application is not limited to the preparation method provided by the present application. The
method comprises:

1) dispersing a ceramic powder in water, and sanding and dispersing by a sand mill to form a dispersion;

2) adding a fluorine-free polymer resin liquid in emulsion form to the dispersion, adding a binder, and passing through
an 80 mesh to 200 mesh sieve to form a finished slurry; and

3) according to the requirements of a desired coating thickness, coating the finished slurry on one or both sides of a
base film using a gravure roller or a wire rod, and after the finished slurry is coated onto surface(s) of the base film,
drying with an oven to obtain a battery separator with coating;

wherein, in step 1), a rotational speed of the sanding and dispersing is 500 rpm to 1500 rpm, and a time of the
sanding and dispersing is 10 min to 60 min; after the end of step 1), the dispersion is cooled under low-speed
stirring to maintain a temperature of the dispersion at <_ 70°C, wherein a stirring speed of the low-speed stirring is
20 rpm to 300 rpm;

the finished slurry obtained in step 2) is continuously stirred at a low speed from the completion of configuration
until being put into use, so that the finished slurry is always in dynamic equilibrium, and a rotational speed of the
low-speed stirring is 10 rpm to 800 rpm; from the beginning of step 2) until the finished slurry is put into use, the
slurry is maintained at a temperature of 5°C to 70°C; the low-speed stirring is carried out using a stirring tank with
stirring blades in both upper and lower parts, and radii of the stirring blades in the upper and lower parts are not the
same; and

in step 3), in the battery separator, a coating surface density ρ0, a coating thickness h0, an average radius r of
fluorine-free polymer resin particles, a volume V1 occupied by fluorine-free polymer resin particles in the coating,
a number N0 of fluorine-free polymer resin particles, a density ρ of fluorine-free polymer resin, and a coating
density pi of pure ceramic coating satisfy the following relationship:

[0009] Preferably, in the coating of step 3), high-speed coating is used, and a speed of the high-speed coating is 50
m/min to 250 m/min; and a temperature of the drying is 50°C to 100°C, preferably 60°C to 90°C; and a time of the drying is≥
5 s.
[0010] The present application also provides a battery comprising: a positive electrode, a negative electrode, a
separator disposed between the positive electrode and the negative electrode, and an electrolyte, wherein the separator
is the battery separator provided by the present application.
[0011] The technical solution provided by the present application can achieve a coated separator with good bonding
property, good consistency, good stability and good heat resistance, and can achieve a balance of the four performances.
The coated surface of the separator has good bonding property, and is firmly adhered to the electrode sheet, which is
favorable to the assembly of the battery cell and the improvement of the energy density of the battery. The coated surface
has a high consistency of ceramic stacking thickness, which in turn improves the consistency of the battery cell
performance and increases the cycle life of the battery. Resin particles should be stably fixed on the coating, and if
the resin particles detach, it will affect the battery cell assembly and battery cycle life. The good heat shrinkage
performance of the separator is conducive to improving the safety of the battery. However, the inventor found that in
the prior art, it is often difficult to balance these four performances. For example, the enhancement of the coating bonding
property will lead to the reduction of the coating stability performance and heat resistance performance, and will also lead
to the deterioration of the coating consistency. Therefore, the present application provides a solution for battery separator,
which achieves the compatibility and balance of the four performances by controlling the parameters of the coating in
multiple aspects, so as to enhance the quality and efficiency of the back-end battery cell assembly, to improve the energy
density and cycle life of the battery, and to benefit the safety of the battery. The present application also provides one of the
preparation methods for such a separator.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0012]

FIG. 1 shows a schematic diagram of a coating structure of a battery separator provided by an example of the present
application.

FIG. 2 shows a planar SEM image of the coated film of the battery separator of Example 1 of the present application.

DETAILED DESCRIPTION

[0013] The present application provides a battery separator comprising a base film and a coating coated on one or both
sides of the base film, wherein

the coating comprises: fluorine-free polymer resin particles and ceramic particles;

wherein the fluorine-free polymer resin particles have a primary particle morphology or a secondary agglomerate
morphology, and the fluorine-free polymer resin particles are in spherical form and dispersed within the ceramic
particles,

a coating surface density ρ0, a coating thickness h0, an average radius r of fluorine-free polymer resin particles, a
volume Vi occupied by fluorine-free polymer resin particles in the coating, a numberN0 of fluorine-free polymer resin
particles, a density ρ of fluorine-free polymer resin, and a coating density ρ1 of pure ceramic coating satisfy the
following relationship:

[0014] In the above relationship equation, V1 denotes a spherical cap volume (i.e., the volume occupied by the fluorine-
free polymer resin particles in the coating), and N0 denotes the number of fluorine-free polymer resin particles.
[0015] As shown in FIG. 1, the coating is disposed on both sides of the base film, then the coating thickness h0 = (c-b)/2;
or, if the coating is disposed on a single side of the base film, then the coating thickness h0 is the difference between the
thickness of the battery separator and the thickness of the base film. In particular, the value of h0 can be determined by the
following method: preparing a cross-sectional sample of the battery separator at 21°C ± 4°C and humidity ≤ 65% RH, and
obtaining a cross-sectional electron micrograph by capturing with an electron microscope of Zeiss SIGMA 300 model. On
the picture, the thicknesses at any five positions of the ceramic stacking layer within the single coating were measured, and
the average value was taken as the value of h0.
[0016] The spherical cap volume V1=(π/3)(3r-h)×h2, with h being the height of the spherical cap and h=h0, where it is
noted that 2r=D=D50, wherein r is the radius of the sphere of the fluorine-free polymer resin particles, D is the diameter, D-
h0>0, and D50 depends on the selection of the raw material of the fluorine-free polymer resin. In particular, the value of D50
can be determined from the raw material, or it can be determined by taking any 5 samples of fluorine-free polymer resin
particles using the aforementioned electron microscopy method and converting to the average value.
[0017] ρ and ρ1 are fixed values determined by the fluorine-free polymer resin and the ceramic material. Specifically, p is
determined by the nature of the raw material, and ρ1 is determined by the density and particle size of the ceramic. ρ can be
measured with the raw material of fluorine-free polymer resin. Alternatively, the fluorine-free polymer resin particles can be
separated from the coating and then collected, and p can be measured with an electronic scale and a graduated cylinder.
[0018] ρ1 can be obtained by using ceramic particles, coating with a gravure roller or a wire rod to form a film, and
measuring the surface density of the film with an electronic scale and a steel straightedge. The ceramic particles used are
ceramic particles used as the raw material for the coating, or ceramic particles extracted from the separator coating. The
method of extracting the ceramic particles from the separator is not particularly limited. For example, the coating or
separator can be dissolved in a solvent to extract the ceramic particles. Specifically: in a first step, the ceramic particles are
dispersed into water to make a common ceramic slurry; in a second step, the ceramic slurry is coated into a film using a
gravure roller or a wire rod of a corresponding dry thickness; and in a third step, the density of the coating surface is
measured by an electronic scale and a steel straightedge to obtain ρ1.
[0019] ρ0 is the surface density of the coating, which is calculated by the above equation.
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[0020] Regarding N0, it is sufficient to count the number of fluorine-free polymer resin particles within the field of view
area of the electron microscope at 1000x magnification, and then convert it to the number of fluorine-free polymer resin
particles in 1 m2 separator based on the field of view area of the electron microscope (for example, using the
aforementioned electron microscope method, count the average value of the number of fluorine-free polymer resin
particles in 5 electron microscope pictures at 1000x magnification, calculate the area of the field of view of the electron
microscope at that magnification, and then convert to the number of fluorine-free polymer resin particles per unit area by
the unit, i.e., the number N0 of particles on an area of 1 m2).
[0021] The coating surface density ρ0 is 0 g/m2 to 20 g/m2, the coating thickness h0 is 0.1×10‑6 to 10×10‑6, the average
radius r of fluorine-free polymer resin particles is 1×10‑6 m to 4.5×10‑6 m, the volume Vi occupied by fluorine-free polymer
resin particles in the coating is ≥ 0 m3, the number N0 of fluorine-free polymer resin particles is ≥ 1 (being an integer), the
densityρof fluorine-free polymer resin is 0.5×106 g/m3 to 2.0×106 g/m3, and the coating density pi of pure ceramic coating
is 0.5×106 g/m3 to 2.0×106 g/m3.
[0022] It should be noted that ρ0, h0, r, V1, N0, ρ, and ρ1 should be calculated without considering the unit when
substituting them into the relational equation, and that the relational equation and ranges presented in the present
application are designed based on the numerical relationships of these parameters, independent of the equivalence of the
dimensions.
[0023] The fluorine-free polymer resin particles are in spherical form, and the spherical form has excellent structural
stability and higher consistency in the coating. The degree of sphericity can be characterized by the method of length-
diameter ratio, i.e., the length-diameter ratio S=the longest diameter passing through the interior of the particle/theshortest
diameter perpendicular to the longest diameter, and S ≤ 2 indicates that the particles are in spherical form.
[0024] The primary particle morphology may be a primary particle morphology in which the inner and outer components
are consistent, or a primary particle morphology in which a core-shell structure is present.
[0025] The fluorine-free polymer resin has a certain degree of cross-linking and has a low glass transition temperature
(Tg), preferably 40°C to 100°C. Too low Tg will lead to structural instability, and making it prone to structural disintegration
or sphere collapse and deformation; and too high Tg will lead to a decrease in sphere bonding property, and making it prone
to defects of battery cell softness.
[0026] The fluorine-free polymer resin has a certain swelling property, and the swelling rate is preferably 10% to 200%,
more preferably 10% to 100%. As a polymer material, a swelling rate that is too small affects the ability of the battery cell to
retain liquid; a swelling rate that is too large will likely lead to defects such as high value-added permeability and thickness
expansion of the electrode sheet after immersion in the electrolyte, which affects the cycling performance of the battery,
and even the loss of bonding property after electrolyte immersion.
[0027] The fluorine-free polymer resin preferably has a glass transition temperature of 45°C to 70°C and a swelling rate
of 10% to 100%.
[0028] Preferably, the fluorine-free polymer resin is at least one selected from a poly(meth)acrylate polymer, SBR
(styrene butadiene rubber) microspheres, PI (polyimide) water-soluble microspheres, and PAA (polyacrylate) modified
microspheres. A primary shaping poly(meth)acrylate polymer is particularly preferred. The acrylate polymer has a very low
softening point (about 50°C), which makes the bonding property conditions substantially lower, and because of its high
distribution consistency and uniformity in the coating, the coating adhesive effect is substantially improved (about 2 times
to 10 times higher than that of PVDF). Additionally, the component formed by modified grafting of hydrophilic groups on the
molecular surface of the acrylate polymer (referred to as: poly(meth)acrylate polymer) can have greatly improved
hydrophilicity. Its dispersion difficulty and stability in aqueous solvents are more advantageous than that of PVDF;
especially because of the large particle size and low density of the primary particle, it can form a stable mosaic structure in
the coating, which can reduce the gram weight of the coating, and at the same time, significantly improve the bonding
property and stability.
[0029] The average particle size (D50) of the fluorine-free polymer resin particles is preferably 2 µm to 9 µm.
[0030] The ceramic particles may be at least one selected from the group consisting of aluminium oxide, boehmite,
barium titanate, calcium oxide, magnesium oxide, zinc oxide, zirconium oxide, and silicon oxide, and when the ceramic
particles are a mixture of a plurality of components, the amounts of the different components may be in an arbitrary ratio as
long as the total amount conforms to the ceramic particles amount limit. Preferably, the ceramic powder is boehmite.
[0031] The ceramic particles have an average particle size (D50) of 0.1 µm to 4.0 µm, preferably 0.2 µm to 1.5 µm. The
smaller the particle size, the higher the heat-shrinkage performance. The crystals of the ceramic particles should be free of
obvious sharp protrusions, so as to avoid the protrusions from damaging the structure of the polymer. The smaller the
particle size, the worse the dispersion of the particles in the slurry, to 0.1 µm or less will lead to a larger particle size of the
slurry, bringing the risk of poor coating consistency.
[0032] The present application also provides a preparation method for battery separator, wherein the method includes
the following steps:

step 1) dispersing a ceramic powder in water, and sanding and dispersing by a sand mill to form a dispersion;
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step 2) adding a fluorine-free polymer resin liquid in emulsion form to the dispersion, adding a binder, and passing
through an 80 mesh to 200 mesh sieve to form a finished slurry; and

step 3) according to the requirements of a desired coating thickness, coating the finished slurry on one or both sides of
a base film using a gravure roller or a wire rod, and after the finished slurry is coated onto surface(s) of the base film,
drying with an oven to obtain a battery separator with coating;

wherein, in step 1), a rotational speed of the sanding and dispersing is 500 rpm to 1500 rpm, and a time of the sanding
and dispersing is 10 min to 60 min; after the end of step 1), the dispersion is cooled under low-speed stirring to maintain
a temperature of the dispersion at <_ 70°C, wherein a stirring speed of the low-speed stirring is 20 rpm to 300 rpm;

the finished slurry obtained in step 2) is continuously stirred at a low speed from the completion of configuration until
being put into use, so that the finished slurry is always in dynamic equilibrium, and a rotational speed of the low-speed
stirring is 10 rpm to 800 rpm; from the beginning of step 2) until the finished slurry is put into use, the slurry is maintained
at a temperature of 5°C to 70°C; the low-speed stirring is carried out using a stirring tank with stirring blades in both
upper and lower parts, and radii of the stirring blades in the upper and lower parts are not the same; and

in step 3), in the battery separator, a coating surface density ρ0, a coating thickness h0, an average radius r of fluorine-
free polymer resin particles, a volume V1 occupied by fluorine-free polymer resin particles in the coating, a numberN0
of fluorine-free polymer resin particles, a density ρ of fluorine-free polymer resin, and a coating density pi of pure
ceramic coating satisfy the following relationship:

[0033] The fluorine-free polymer resin liquid in emulsion form used in the above method is not limited to being obtained
by commercial purchase or self-made. The self-made method includes: mixing fluorine-free polymer resin powder, a
surfactant, and water, dispersing and stirring, and forming the fluorine-free polymer resin liquid in emulsion form. The
commercially purchased fluorine-free polymer resin liquid in emulsion form, for example, is: poly(meth)acrylate polymer
liquid purchased from Shenzhen Haodian Science and Technology Co., Ltd under the designation of SWA709 used in
Examples 1 to 3, which has a glass transition temperature of 55°C, a swelling rate of 70%, and a concentration of
poly(meth)acrylate polymer of 25%; poly(meth)acrylate polymer liquid purchased from Zeon Co., Ltd. of Japan, under the
designation of BM5000 used in Example 4, which has a glass transition temperature of 54°C, a swelling rate of 97%, and a
concentration of poly(meth)acrylate polymer of 19%; and poly(meth)acrylate polymer liquid purchased from Sichuan
Jundile Materials Co., Ltd. under the designation of FS400 used in Example 5, which has a glass transition temperature of
68°C, a swelling rate of 68%, and a concentration of poly(meth)acrylate polymer of 30%.
[0034] Preferably, the fluorine-free polymer resin liquid in emulsion form described above does not undergo structural
decomposition or deformation at pH ≥ 5 and at pH ≤ 10 (the commercially purchased poly(meth)acrylate polymer liquids
described above all satisfy this condition). The reason for this is that the aqueous solution of ceramics is mostly alkaline,
and the fluorine-free polymer resin liquid with too low a pH will partially undergo structural denaturation after mixing with the
ceramics, thus leading to structural instability. Fluorine-free polymer resin powder in the fluorine-free polymer resin liquid in
emulsion form has an average particle size D50 of 2 µm to 9 µm, and the ceramic powder has an average particle size D50
of 0.4 µm to 4.0 µm.
[0035] In addition, the reason for maintaining the temperature of the dispersion at ≤ 70°C after step 1) is that if the
temperature is too high, the performance of the coating film will be affected. Processes such as high-speed dispersion or
grinding will heat up the dispersion, and the fluorine-free polymer resin material needs to wait until the temperature is
lowered to ≤70 °C before adding. The temperature of the dispersion solution exceeding 70°C will cause the structure of the
fluorine-free polymer resin particles to be softened and sticky, and it will be impossible to maintain a complete spherical
morphology, which will in turn affect the bonding property and heat resistance of the coating.
[0036] The reason for continuously stirring the finished slurry in step 2) at a low speed from the completion of the
configuration until being put into use, so that the finished slurry is always in dynamic equilibrium, is to prevent layer
separation of the fluorine-free polymer resin particles and the ceramic particles. Such layer separation of the fluorine-free
polymer resin particles and the ceramic particles will lead to floating of the fluorine-free polymer resin particles after
coating,which not onlyaffects the consistency of the coating, but alsoaffects the stabilization of the structure of the coating,
which is prone to the so-called powder falling off such as producing large particles shedding, and imperfect bonding
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property. Double paddles (i.e., the upper and lower parts of the mixing tank having stirring blades) are used for mixing, and
radii of the stirring blades in the upper and lower parts (rupper, rlower) should not be the same. That is, the ratio of the radii
rupper/rlower ≠ 1, of which the purpose is to form a differential speed, so that the organic particles and inorganic particles are
evenly dispersed, to eliminate the phenomenon of aggregation, and to improve the stability and consistency of the coating,
wherein a rotational speed of the low-speed stirring is 10 rpm to 800 rpm. High-speed stirring will make the slurry to produce
foam and thus affect the consistency of the coating. From the beginning of this step until the finished slurry is put into use,
the slurry is maintained at a temperature of 5°C to 70°C, and the reason is that if the temperature is too high, the structure of
the fluorine-free polymer resin particles will be softened and sticky, and it will not be possible to maintain a complete
spherical morphology, which will affect the bonding property and heat resistance of the coating.
[0037] In the coating of step 3), high-speed coating (50 m/min to 250 m/min) is preferable because of the high stability of
the finished slurry.
[0038] The base film in the present application is not specifically limited, and may be selected with reference to existing
lithium-ion battery separators. Typically, the base film may be a polyolefin base film, such as a polypropylene base film, a
polyethylene base film, and the like. As one preferred embodiment, the base film is a polyethylene base film.
[0039] The base film may have a thickness of 5 µm to 12 µm. The coating may have a thickness of 1 µm to 5 µm, for
example 1 µm, 2 µm, 3 µm, 4 µm, or 5 µm.
[0040] In the above method, the average particle size D50 of the fluorine-free polymer resin particles is preferably 2 µm
to 9 µm; the average particle size D50 of the ceramic powder is preferably 0.4 µm to 1.5 µm.
[0041] Based on the total weight of the finished slurry, the fluorine-free polymer resin powder is 0.5 wt.% to 10 wt.%, and
the ceramic powder is 15 wt.% to 40 wt.%, more preferably 20 wt.% to 35 wt.%.
[0042] A temperature of the drying is 50°C to 100°C, and a time of the drying is ≥ 5 s.
[0043] The present application has no particular limitations on the surfactant, water and binder and the amounts thereof,
and products commonly used in the field, such as those disclosed in CN115117559 A and the proportions thereof, may be
used. For example the surfactant comprises surfactant A and surfactant B, the surfactant A being a polyether siloxane
copolymer, and the surfactant B being a polysiloxane. The binder is at least one selected from the group consisting of
polyacrylic acid, polyvinyl alcohol, polyvinyl ethyl ether, polymethylmethacrylate, polyvinyl acetate and polyurethane,
preferably polyacrylic acid. Based on the total weight of the finished slurry, the surfactant A is 0.06 wt.% to 0.5 wt.%, the
surfactant B is 0.1 wt.% to 0.5 wt.%, the water is 40 wt.% to 60 wt.%, and the binder is 5 wt.% to 10 wt.%.
[0044] The present application also provides a battery comprising: a positive electrode, a negative electrode, a
separator disposed between the positive electrode and the negative electrode, and an electrolyte, wherein the separator
is the battery separator provided by the present application.
[0045] The battery separator provided by the present application has a coating with good bonding property, high
consistency, high stability, and good heat resistance. The coating has a bonding strength ≥ 0.6 N/m, a consistency R ≤ 0.5
µm, a probability of particle dropout ≤ 3%, and a thermal shrinkage rate ≤ 5%.
[0046] The application is further described below in connection with examples, but the scope of the application is not
limited to these examples.

Example

[0047] In the following examples and comparative examples, the binder is a polyacrylic acid emulsion, purchased from
Hunan Gaorui Power Material Co., Ltd. under the designation of LIB-S105B.
[0048] In the following examples and comparative examples, the number of parts refers to parts by weight unless
otherwise indicated.
[0049] The following Examples 1 to 5 are used to illustrate the battery separator of the present application and the
preparation method of therefor.

Example 1

[0050]

1) 30 parts of boehmite (D50 of 0.8 µm) were dispersed in 54 parts of water, and sanded and dispersed by a sand mill
(speed of 1000 rpm, time of 30 min) to form a dispersion. The dispersion was cooled down under low-speed (150 rpm)
stirring to maintain the temperature of the dispersion at < 70°C.

2) To the dispersion was added 6 parts of poly(meth)acrylate polymer liquid in emulsion form (pH being 6.5, the glass
transition temperature being 55°C, the swelling rate being 70%, D50 of the poly(meth)acrylate polymer being 4.5 µm,
the concentration of the poly(meth)acrylate polymer being 25%), and 10 parts of binder, which was passed through a
200 mesh sieve to form a finished slurry.
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[0051] The above finished slurry was stirred at a low speed (300 rpm) using double paddles (i.e., both the upper and
lower parts of the mixing tank had mixing blades) from the time it was made until it was used in the next step, in which the
radii of the upper and lower mixing blades (rupper, rlower) satisfy the relationship "the ratio of the radii rupper/rlower ≠ 1", and
the slurry was kept between 5°C and 70°C from the beginning of step 2) until the finished slurry was used in the next step.
[0052] 3) According to the requirements of the desired coating thickness, the finished slurry was coated on both sides of
the 7 µm thick base film using a gravure roller or a wire rod, and after the finished slurry was coated onto the surface of the
base film, the finished slurry was dried with an oven (the temperature of the drying being 75°C, and the time of the drying
being 10 s) to obtain a battery separator B 1 with coating film.
[0053] Among the above, in step 3), in the battery separator, a coating surface density ρ0, a coating thickness h0, an
average radius r of fluorine-free polymer resin particles, a volume V1 occupied by fluorine-free polymer resin particles in
the coating, a number N0 of fluorine-free polymer resin particles, a density ρ of fluorine-free polymer resin, and a coating
density ρ1 of pure ceramic coating satisfy the following relationship:

[0054] Each of the above parameters was measured as described in the present application and will not be repeated
herein. The measured data are shown in Table 1 below.
[0055] Example 2: In this example, the method was the same as in Example 1 except that the parameters were changed
as shown in Table 1, and a battery separator B2 with a coating film was produced. The produced battery separator satisfied
the equation of the present application.
[0056] Example 3: In this example, the method was the same as in Example 1 except that the parameters were changed
as shown in Table 1, and a battery separator B3 with a coating film was produced. The produced battery separator satisfied
the equation of the present application.
[0057] Example 4: In this example, in addition to changing the parameters as shown in Table 1, the parameters of the
poly(meth)acrylate polymer liquid used in step 2) were as follows: pH being 7.9, glass transition temperature being 54°C,
swelling rate being 97%, D50 of the poly(meth)acrylate polymer being 4.5 µm, and concentration of poly(meth)acrylate
polymer being 25%, the method was the same as in Example 1, and a battery separator B4 with a coating film was
produced.
[0058] Example 5: In this example, in addition to changing the parameters as shown in Table 1, the parameters of the
poly(meth)acrylate polymer liquid used in step 2) were as follows: pH being 9.4, glass transition temperature being 68°C,
swelling rate being 68%, D50 of the poly(meth)acrylate polymer being 9 µm, and concentration of the poly(meth)acrylate
polymer being 25%, the method was the same as in Example 1, and a battery separator B5 with a coating film was
produced.
[0059] Example 6: Except that the boehmite was changed to a mixture of boehmite and BaTiO3 (mass ratio 3:1) in step
1), the performance parameters of the poly(meth)acrylate polymer liquid in step 2 were as follows: pH being 6.5, glass
transition temperature being 45°C, swelling rate being 150%, D50 of the poly(meth)acrylate polymer being 2.2 µm, and
concentration of the poly(meth)acrylate polymer being 25%, and the amount of each component was changed according
to Table 1, the rest was the same as in Example 1, and a battery separator B6 with a coating film was produced.
[0060] Example 7: Except that the boehmite was changed to a mixture of boehmite and BaTiO3 (mass ratio 9:1) in step
1), the performance parameters of the poly(meth)acrylate polymer liquid in step 2 were as follows: pH being 6.5, glass
transition temperature being 76°C, swelling rate being 88%, D50 of the poly(meth)acrylate polymer being 3 µm, and
concentration of the poly(meth)acrylate polymer being 25%, the amount of each component was changed according to
Table 1, the rest was the same as in Example 1, and a battery separator B7 with a coating film was produced.
[0061] Example 8: Except that the boehmite was changed to a mixture of boehmite and BaTiO3 (mass ratio 9:5) in step
1), the poly(meth)acrylate polymer liquid was changed to a solution of SBR (styrene butadiene rubber) microspheres in
step 2, with the following performance parameters: pH being 7.2, glass transition temperature being 88°C, swelling rate
being 30%, D50 of SBR (styrene butadiene rubber) microspheres being 2.5 µm, and concentration of SBR (styrene
butadiene rubber) microspheres being 25%, the amount of each component was changed according to Table 1, the rest
was the same as that in Example 1, and a battery separator B8 with a coating film was produced.
[0062] Example 9: In addition to changing the boehmite to a mixture of boehmite and BaTiO3 (mass ratio 3:1) in step 1),
the poly(meth)acrylate polymer liquid was changed to a solution of PI (polyimide) water-soluble microspheres in step 2,
with the following performance parameters: pH being 6.8, glass transition temperature being 90°C, swelling rate being
55%, D50 of PI (polyimide) water-soluble microspheres being 4.5 µm, and concentration of PI (polyimide) water-soluble
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microspheres being 25%, the amount of each component was changed according to Table 1, the rest was the same as that
in Example 1, and a battery separator B9 with a coating film was produced.
[0063] Comparative example 1: In this comparative example, the method was the same as in Example 1 except that a
PVDF liquid self-made from PVDF powder was used instead of the poly(meth)acrylate polymer liquid, and a battery
separator C1 with a coating film was produced.
[0064] PVDF liquid was prepared as follows: 1.5 parts of PVDF powder, 0.005 parts of polysiloxane surfactant, and 4.5
parts of water were mixed to obtain 6 parts of PVDF liquid.
[0065] The PVDF powder was purchased from Dongyangguang Company, under the designation of 2600.
[0066] In this comparative example, the density of the PVDF cannot be calculated due to the unstable morphology of the
PVDF spheres, and therefore this comparative example is not applicable to the equation of the present application.
[0067] Comparative examples 2 to 3: Except that some of the parameter data as shown in Table 1 were different from
that of Example 1, that the dispersion formed in step 1) of the slurrying process was directly mixed in the next step without
cooling down, and that the finished slurry was stirred at a low speed (300 rpm) using a single paddle from the time it was
made until it was used in the next step, i.e., the stirring paddle had relationship of "the ratio of the radii rupper/rlower = 1", the
rest was the same as that in Example 1, and the battery separators C2 to C3 with a coating film were produced.
[0068] Comparative example 4: The same as Example 8 except that the type of fluorine-free polymer resin was different
from Example 8, and the performance parameters of the poly(meth)acrylate polymer liquid used in this comparative
example were as follows: pH being 6.5, glass transition temperature being 38°C, swelling rate being 244%, D50 of the
poly(meth)acrylate polymer being 1 µm, and concentration of the poly(meth)acrylate polymer being 25%.
[0069] Comparative example 5: The same as Example 8 except that the type of fluorine-free polymer resin was different
from Example 8, and the performance parameters of the poly(meth)acrylate polymer liquid used in this comparative
example were as follows: pH being 6.5, glass transition temperature being 37°C, swelling rate being 300%, D50 of the
poly(meth)acrylate polymer being 4.5 µm, and concentration of the poly(meth)acrylate polymer being 25%.
[0070] Comparative example 6: In this comparative example, the method is the same as in Example 1 except that the
parameters are changed according to Table 1, and a battery separator C6 with a coating film was produced. The produced
battery separator does not satisfy the equation of the present application.
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[0071] The performance of battery separators B 1 to B9 and C2 to C6 were tested as follows, and the results are shown in
Table 2 below.

(1) Bonding property:

[0072] The bonding property referred to in the present application is the degree to which the battery separator is tightly
and uniformly bonded to the battery electrode sheet during battery cell assembly. In particular, the bonding property is
assessed in accordance with the following method: testing with reference to the requirements of GB/T 2792.

1) Stacking A4 paper and the separator in the order of A4 paper/separator/separator/A4 paper, with the separator
coating facing towards the separator coating;

2) performing thermoplastic treatment to the stacked A4 paper and separator at 100°C; and

3) cutting the separator after thermoplastic treatment into a long strip of 200 mm long and 25 mm wide, with the
distance between the clamps being (100±5) mm, and the test speed being (50±10) mm/min.

(2) Consistency:

[0073] The consistency referred to in the present application is the degree of uniformity and consistency of the stacking
of the ceramic particles within the mixed coating of the fluorine-free polymer resin particles and the ceramic particles. The
presence of larger particles of the fluorine-free polymer resin will cause the uniformity of the stacking of the ceramic
particles to deteriorate, adversely affecting the uniformity of the mechanical structure of the coating.
[0074] Using a foam having a certain resilience and density (the present application used a beauty blender made of
polyurethane type foam), the thickness of the ceramic layer can be obtained and monitored by placing the prepared battery
separator on a horizontal table, fixing the separator with one hand, and using the foam with the other hand to wipe the
surface of the film 6 times to 8 times from left to right, so that the PMMA particles can be removed from the coating without
damaging the ceramic layer. In particular, the consistency can be evaluated by preparing a cross-section sample of the
battery separator at 21°C ± 4°C and humidity <_ 65% RH, and obtaining a cross-section electron microscope picture by
capturing with an electron microscope of Zeiss brand SIGMA 300 model. On the picture, the thicknesses at any 10
positions of the single-coated ceramic stacking layer were measured, the extreme difference R (max-min) of the
thicknesses at these 10 positions was calculated, and good consistency was indicated if R ≤ 0.5 µm.

(3) Stability:

[0075] The stability referred to in the present application is the degree of firmness to which the fluorine-free polymer resin
particles are embedded in the coating.
[0076] In particular, the stability can be evaluated by: randomly sampling the finished battery separator after it has been
rolled over a 90-degree angle wrapped roller for 20 times, taking 1000x electron microscope images (which can be 500x to
5000x), and counting the probability of particles falling off (number of PMMA or PVDF particles falling off/total number of
PMMA or PVDF particles).

(4) Heat Resistance:

[0077] The heat resistance referred to in the present application is the heat shrinkage performance of the battery
separator. In particular, the heat resistance can be assessed by measuring the heat shrinkage rate, which is tested in
accordance with the method specified in GB/T12027‑2004, and the average of the heat shrinkage rate in the TD direction
and the heat shrinkage rate in the MD direction is taken.
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[0078] As can be seen from the data in Table 2, the battery separator provided by the present application has a coating
with good bonding property, high consistency, high stability, and good heat resistance.
[0079] As for the battery separator prepared in Comparative example 1, due to the use of PVDF, that is prone to float on
the surface of the coating, the coating was very unstable, and the coating has a high thermal shrinkage and poor heat
resistance.
[0080] As can be seen from Tables 1 and 2, regardless of how the various types of parameters change, when the
condition of "0.8ρ1≤ρ0/h0≤1.2ρ1" is satisfied, the coating combines the advantages of good bonding property, high
consistency, high stability, and good heat resistance. Whereas, when the above condition is not satisfied, the balanced
advantages no longer exist. Other parameters in the examples that are not limited by ρ, ρ0, and h0 can be adjusted within
the range provided by the present application for achieving the condition "0.8ρ1≤ρ0/h0≤1.2ρ1", which is not necessary for
the achievement of the condition.
[0081] The battery separator provided by the present application is not limited to being prepared by the preparation
method provided by the present application, and any battery separator obtained by other methods in accordance with the
present application shall fall within the scope of protection of the claims of the present application.
[0082] At the same time, the present application may also have a variety of other embodiments, and without departing
from the spirit and essence of the present application, a person skilled in the art may make various corresponding changes
and modifications in accordance with the present application, but these corresponding changes and modifications shall all
fall within the scope of protection of the claims of the present application.

Claims

1. A battery separator comprising a base film and a coating coated on one or both sides of the base film, wherein

the coating comprises: fluorine-free polymer resin particles and ceramic particles;
wherein the fluorine-free polymer resin particles have a primary particle morphology or a secondary agglomerate
morphology, and the fluorine-free polymer resin particles are in spherical form and dispersed within the ceramic
particles,
a coating surface density p0, a coating thickness h0, an average radius r of fluorine-free polymer resin particles, a
volume Vi occupied by fluorine-free polymer resin particles in the coating, a number N0 of fluorine-free polymer
resin particles, a density ρ of fluorine-free polymer resin, and a coating density ρ1 of pure ceramic coating satisfy
the following relationship:
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the fluorine-free polymer resin has a glass transition temperature of 40°C to 100°C and a swelling rate of 10% to
200%; and
N0 is the number of fluorine-free polymer resin particles comprised in a 1 m2 separator, which is obtained by first
counting a number of fluorine-free polymer resin particles under 1K electron microscopy and then converting
counted number according to area.

2. The battery separator according to claim 1, wherein the fluorine-free polymer resin has the glass transition
temperature of 45°C to 70°C and the swelling rate of 10% to 100%.

3. The battery separator according to claim 1, wherein the fluorine-free polymer resin is a poly(meth)acrylate polymer.

4. The battery separator according to claim 1, wherein the fluorine-free polymer resin particles have an average particle
size D50 of 2 µm to 9 µm.

5. The battery separator according to claim 1, wherein the ceramic particles are at least one selected from the group
consisting of aluminium oxide, boehmite, barium titanate, calcium oxide, magnesium oxide, zinc oxide, zirconium
oxide, and silicon oxide.

6. The battery separator according to claim 5, wherein the ceramic particles are boehmite.

7. The battery separator according to claim 1, wherein the ceramic particles have an average particle size D50 of 0.1 µm
to 4.0 µm.

8. A preparation method for battery separator, wherein the method comprises the following steps:

step 1) dispersing a ceramic powder in water, and sanding and dispersing by a sand mill to form a dispersion;
step 2) adding a fluorine-free polymer resin liquid in emulsion form to the dispersion, adding a binder, and passing
through an 80 mesh to 200 mesh sieve to form a finished slurry; and
step 3) according to the requirements of a desired coating thickness, coating the finished slurry on one or both
sides of a base film using a gravure roller or a wire rod, and after the finished slurry is coated onto surface(s) of the
base film, drying with an oven to obtain a battery separator with coating;
wherein, in step 1), a rotational speed of the sanding and dispersing is 500 rpm to 1500 rpm, and a time of the
sanding and dispersing is 10 min to 60 min; after the end of step 1), the dispersion is cooled under low-speed
stirring to maintain a temperature of the dispersion at <_ 70°C, wherein a stirring speed of the low-speed stirring is
20 rpm to 300 rpm;
the finished slurry obtained in step 2) is continuously stirred at a low speed from the completion of configuration
until being put into use, so that the finished slurry is always in dynamic equilibrium, and a rotational speed of the
low-speed stirring is 10 rpm to 800 rpm; from the beginning of step 2) until the finished slurry is put into use, the
slurry is maintained at a temperature of 5°C to 70°C; the low-speed stirring is carried out using a stirring tank with
stirring blades in both upper and lower parts, and radii of the stirring blades in the upper and lower parts are not the
same;
in step 3), in the battery separator, a coating surface density ρ0, a coating thickness h0, an average radius r of
fluorine-free polymer resin particles, a volume V1 occupied by fluorine-free polymer resin particles in the coating,
a number N0 of fluorine-free polymer resin particles, a density ρ of fluorine-free polymer resin, and a coating
density pi of pure ceramic coating satisfy the following relationship:

the fluorine-free polymer resin has a glass transition temperature of 40°C to 100°C and a swelling rate of 10% to
200%; and
N0 is the number of fluorine-free polymer resin particles comprised in a 1 m2 separator, which is obtained by first
counting a number of fluorine-free polymer resin particles under 1K electron microscopy and then converting
counted number according to area.
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9. The preparation method according to claim 8, wherein the fluorine-free polymer resin liquid in emulsion form does not
undergo structural decomposition or deformation at pH ≥ 5 and at pH ≤ 10; fluorine-free polymer resin powder in the
fluorine-free polymer resin liquid in emulsion form has an average particle size D50 of 2 µm to 9 µm; and
the ceramic powder has an average particle size D50 of 0.4 µm to 4.0 µm.

10. The preparation method according to claim 8, wherein, based on the total weight of the finished slurry, the fluorine-free
polymer resin powder is 0.5 wt.% to 10 wt.%, and the ceramic powder is 15 wt.% to 40 wt.%.

11. The preparation method according to claim 10, wherein, based on the total weight of the finished slurry, the fluorine-
free polymer resin powder is 5 wt.% to 10 wt.%; and the ceramic powder is 20 wt.% to 35 wt.%.

12. The preparation method according to claim 8, wherein, in the coating of step 3), high-speed coating is used, and a
speed of the high-speed coating is 50 m/min to 250 m/min; and
a temperature of the drying is 50°C to 100°C, and a time of the drying is ≥ 5 s.

13. The preparation method according to claim 12, wherein the temperature of the drying is 60°C to 90°C.

14. A battery comprising: a positive electrode, a negative electrode, a separator disposed between the positive electrode
and the negative electrode, and an electrolyte, wherein the separator is the battery separator according to any one of
claims 1‑7.
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